Abstract: Precipitation is the main source of soil moisture recharge in the gully region of the Loess Plateau, and soil moisture is the main and most important water resource for vegetation activities in semiarid regions. To identify the contributions to soil moisture replenishment from rainfall of different intensities, this study conducted a soil moisture monitoring experiment involving continuous measurements at 30-min intervals in areas of Robinia pseudoacacia artificial forestland, Pinus tabulaeformis artificial forestland, and grassland from 1 March to 31 November 2017. The results indicated that there was a positive relationship between the infiltration coefficient and precipitation until the relationship obtained a stable value. When the precipitation was greater than 30 mm, soil moisture was replenished up to the 150 cm soil layer in grassland, and when the precipitation was greater than 40 mm, soil moisture was replenished up to the 150 cm soil layer in P. tabulaeformis artificial forestland. However, only precipitation greater than 50 mm replenished the soil moisture at the 150 cm soil layer in R. pseudoacacia artificial forestland. These three vegetation communities play important roles in soil and water conservation during ecological restoration. The results of this study can guide vegetation configurations in vegetation recovery and reconstruction efforts in the gully region of the Loess Plateau.
Introduction
As the global temperature increases and rainfall decline each year, climate-induced forest degradation is becoming a new kind of ecological environment [1] . A previous study showed that evapotranspiration exceeded precipitation, and drought climates occurred frequently, demonstrating that water is the main factor affecting the survival and growth of vegetation [2, 3] . Additionally, soil water, along with the water intercepted by the canopy and litter, is a vital part of the hydrological process [4] . In addition, soil water has a large reservoir in the soil [5, 6] . T is the main and most important water resource for vegetation in semiarid regions [7] [8] [9] and has high spatiotemporal variability [10] . However, the regulation of spatial and temporal changes in soil water in forestland differs from that in other water-limited areas. This regulation has important eco-hydrological roles and has not received sufficient attention. Therefore, it is necessary to identify the response of soil water to rainfall events under different restoration vegetation communities when the soil water recharge is insufficient in semi-arid regions.
Soil water plays an important driving role in vegetation growth over the entire plant life cycle. Additionally, soil water is a key factor affecting the trends and rates of vegetation succession. The importance of soil water is particularly apparent in the semi-arid hilly region of the north-western Loess Plateau in China [9] . It has been shown that a strong relationship exists between the positive feedback mechanisms and vegetation communities [11] [12] [13] . Previous studies have reported spatial-temporal variability in soil moisture at macro scales (e.g., the catchment scale, the regional scale and the continental scale) and at micro-scales (e.g., the field scale and the sample scale) [14] [15] [16] [17] [18] [19] . Recently, some studies have shown that changes in soil water dynamics can affect the climate, soil, vegetation, and topography [20] [21] [22] . Additionally, effective precipitation and the aboveground structure of land-use systems affect the recharge and output processes of soil water [23, 24] . However, our understanding of the change regularity of soil moisture is still not complete. Identifying plant-soil-water interactions is a popular topic in the field of ecohydrology.
Vegetation growth is strongly affected by the spatial reallocation of soil moisture, primarily due to precipitation-intercepting effectiveness and soil-infiltrating effectiveness [25] [26] [27] [28] . Previous studies have reported the effect of vegetation restoration on the eco-hydrological system in the Loess region. For example, Chang et al. [29, 30] evaluated dynamic changes in soil moisture and found that the dynamics of soil moisture could be divided into a stable stage, a fluctuating stage, an accumulative stage and the consumption stage.
The semi-arid gully region of the Loess Plateau of China has recently experienced ecological degradation at an alarming rate due to limited precipitation inputs. However, in the last two decades, the gully region of the Loess Plateau of China has been subjected to the conversion of cropland to forest (grassland), and vegetation coverage has significantly increased [31] . The influence of soil water availability on the survival and reproduction of vegetation has become a popular research topic, and related studies have been conducted on the Loess Plateau for decades. The knowledge gap regarding the relationships between soil water dynamics and vegetation growth in different types of vegetation has not been filled. It is necessary to study the contributions of effective rainfall to soil water recharge under different vegetation recovery communities, such as coniferous forestland (Pinus tabulaeformis), broad-leaf forestland (Robinia pseudoacacia) and grassland. In the present study, three typical communities in the gully region of the Loess Plateau, i.e., coniferous forestland (P. tabulaeformis), broad-leaf forestland (R. pseudoacacia) and grassland, were selected as research areas for field measurements. The results on the contributions of effective rainfall on soil water recharge under different rainfall intensities can guide vegetation restoration and stand management.
The objectives of this study were to (1) compare the changes in the temporal and spatial variations in soil moisture among three vegetation communities (R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland) and (2) identify the contribution rate of soil moisture recharge at different soil layers under different precipitation levels in the three vegetation communities.
Materials and Methods

Study Area
The study area is located in the Hongqi forest farm in the city of Jixian, Shangxi Province China, (110 • 35 30 E, 36 • 06 32 -36 • 06 32 N; Figure 1 ), where the Ecological Station of the Institute of Beijing Forestry University is located. The average annual temperature is approximately 9.9 • C, and the mean annual precipitation is approximately 521 mm. The distribution of precipitation is nonuniform throughout the year, with precipitation concentrated from June to September, representing approximately 70% of the total annual precipitation. The mean annual evapotranspiration is 1694. 1 mm (1974-2013) [32] . To study hydrological processes, three land use types were selected to measure soil moisture ( Figure 1 ): coniferous-dominated artificial forestland (P. tabulaeformis), broad-leaf-dominated artificial forestland (R. pseudoacacia) and grassland. [32] . To study hydrological processes, three land use types were selected to measure soil moisture ( Figure 1 ): coniferous-dominated artificial forestland (P. tabulaeformis), broad-leaf-dominated artificial forestland (R. pseudoacacia) and grassland. Figure 1 . Locations of the Hongqi forest farm and the soil moisture monitors in the three communities (R. pseudoacacia artificial forestland (A), P. tabulaeformis artificial forestland (B) and grassland (C)).
Experimental Design
Soil Properties Investigation
Three sites were investigated in July 2017 at the Hongqi forest farm in the city of Jixian, Shangxi Province, China. Three plots (20 m × 20 m) were established to investigate the respective stand characteristics (e.g., height, leaf area index, canopy density, individual biomass, herb coverage, aspect and slope) in R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland. All three plots were selected based on the same topography characteristics. Soil samples were collected from nine soil profiles at 10 cm, 20 cm, 40 cm, 60 cm, 80 cm, 100 cm, and 150 cm in R. pseudoacacia artificial forestland (three soil profiles), P. tabulaeformis artificial forestland (three soil profiles) and grassland (three soil profiles). Before soil organic matter content (SOMC) and particle size composition analysis, all the soil samples were air dried and sieved through a 2-mm soil sieve.
The soil characteristics of the three vegetation types are listed in Table 1 . The SOMC in the R. pseudoacacia artificial forestland was significantly higher than that in either the P. tabulaeformis artificial forestland or the grassland. There were no statistical differences in the sand, silt and clay contents among the three communities. 
Forest Stand Characteristics
Height, leaf area index (LAI) and canopy density in the R. pseudoacacia artificial forestland were higher than those in the P. tabulaeformis artificial forestland. Additionally, herb coverage varied among the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland (Table 2 ). 
Root Distribution Characteristics
In addition to soil organic matter, the distribution of vegetation roots affects soil structure. Vegetation root systems can increase soil porosity, thereby increasing the soil water infiltration rate and infiltration amount. Root distribution was investigated via a root drill with a depth of 100 cm in 2017. Roots were divided into fine roots (<2 mm) and coarse roots (>2 mm). Dead roots were selected and discarded via visual inspection.
The distribution of underground root biomass was significantly different among the R. pseudoacacia forestland, the P. tabulaeformis artificial forestland, and the grassland (Figure 2 ). Fine roots were primarily concentrated in the 0-40 cm depth range among the three land use types. Coarse roots were mainly concentrated in the 0-100 cm depth range in the R. pseudoacacia artificial forestland and the P. tabulaeformis artificial forestland. At depths of between 0 and 20 cm, the biomass of fine roots under the grassland were approximately 5 times the value of that in the R. pseudoacacia artificial forestland and~6 times that in the P. tabulaeformis artificial forestland. Approximately 65% of fine roots were in the 40-80 cm layer in the R. pseudoacacia artificial forestland, and approximately 80% of biomass of fine roots were concentrated in the 20-30 cm layer in the P. tabulaeformis artificial forestland. Approximately 90% of the herb roots were distributed in the 0-20 cm layer in the grassland. 
Precipitation
Rainfall and air temperature were monitored and recorded at 10-min intervals using an outdoor mini weather station from 1 March to 31 October in 2017. A total of 82 rainfall events were recorded during the observation period, which corresponded to a precipitation amount of 483.2 mm. Additionally, during the observation period, according to rainfall intensity standards of the State Meteorological Administration of China (Table 3) , 16 .31% of precipitation was between 0-5 mm which belong to ineffective rainfall; 20.41% of precipitation was between 5-10 mm, which belong to light rainfall, 34.78% of precipitation was between 10-24.9 mm, which belong to moderate rainfall; 16.40% of precipitation was between 24.9-49.9 mm, which belong to heavy rainfall and 12.13% was more than 50 mm, which belong to rainstorm. Among these rainfall events, only 18 rainfall events represented effective rainfall (i.e., precipitation more than 5 mm within 24 h), corresponding to an effective precipitation amount of 460 mm. 
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Rainfall and air temperature were monitored and recorded at 10-min intervals using an outdoor mini weather station from 1 March to 31 October in 2017. A total of 82 rainfall events were recorded during the observation period, which corresponded to a precipitation amount of 483.2 mm. Additionally, during the observation period, according to rainfall intensity standards of the State Meteorological Administration of China (Table 3) , 16 .31% of precipitation was between 0-5 mm which belong to ineffective rainfall; 20.41% of precipitation was between 5-10 mm, which belong to light rainfall, 34.78% of precipitation was between 10-24.9 mm, which belong to moderate rainfall; 16.40% of precipitation was between 24.9-49.9 mm, which belong to heavy rainfall and 12.13% was more than 50 mm, which belong to rainstorm. Among these rainfall events, only 18 rainfall events represented effective rainfall (i.e., precipitation more than 5 mm within 24 h), corresponding to an effective precipitation amount of 460 mm. Table 3 . Rainfall intensity standards.
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Soil Water Content
The soil volumetric water content was automatically and continuously measured at 30-min intervals using the Enviro-SMART Soil Moisture Profile System (Sentek Sensor Technologies, Stepney, SA, Australia), and probes were installed at depths of 10, 20, 40, 60, 100 and 150 cm ( Figure 1 ). Diurnal data soil moisture content (at 30-min intervals) was collected from 1 March to 31 November in 2017.
Data Analysis
Soil water storage was calculated via Equation (1):
where W represents the soil water storage (mm); v ri is the volumetric soil water content in layer i (%); and h i is the thickness of layer i (mm). The infiltration coefficient (α) was calculated using Equation (2):
where R is rainfall amount (mm). The cumulative infiltration reflects the replenishment of soil water by rainfall and is calculated via Equations (3) and (4):
where ∆H i is the cumulative infiltration in layer i (mm), v ei is the volumetric soil moisture content in layer i (%); v i is the initial soil moisture content in layer i (%); h i is the thickness of soil layer i (mm); and H is the total cumulative infiltration (mm). The contribution rate of the recharge amount of soil water at different precipitation intensities was calculated using Equation (5):
where CR i (%) is the contribution rate of rainfall to soil water recharge in soil layer i. SPSS software (ver. 19.0, SPSS Inc., Chicago, IL, USA) was used for all statistical analyses in this study. Differences in the physical and chemical properties of soil and forest stand characteristics were analyzed using one-way analysis of variance (ANOVA) and Fisher's protected least significant difference (LSD) test (p < 0.05). Origin 9.0 software (Origin Lab, Northampton, MA, USA) was used to produce the graph. Surfer 13.0 (Golden Software, Golden, CO, USA) software was applied to plot the distribution of soil moisture content in the soil profile via Kriging interpolation. Figure 1 was generated with ArcGIS 10.1 (Environmental Systems Research Institute, Inc., Redlands, CA, USA) and AutoCAD 2006 (Autodesk, Inc., San Rafael, CA, USA).
Results
Temporal Variations in the Characteristics of Soil Moisture
The data on precipitation and soil moisture (from 1 March to 31 October 2017) from the three vegetation communities (R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland) were analyzed to reveal the temporal response of soil moisture to rainfall events ( Figure 3 ). The total precipitation calculated from the 18 individual rainfall events was 460 mm during the observation period. Significant differences in the response of soil moisture to each rainfall intensity were observed among the three vegetation communities. Overall, the variation trends and ranges of soil moisture were highly related to rainfall intensity. 
Light Rainfall
To further reveal the temporal variation in soil moisture among different rainfall intensities, the data from four precipitation intensities (Table 1 ) and the corresponding soil moistures were selected to analyze the responses during the observation period.
When the precipitation was light rainfall (e.g., Figure 4 , precipitation of 9.2 mm), the soil moisture of the topsoil (soil depths ≤ 10 cm) in R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland, and grassland had a weak response to precipitation, and the response time of soil moisture to precipitation was approximately 20 h, 17. 
Moderate Rainfall
In moderate rainfall events (e.g., Figure 5 , precipitation of 18.2 mm), soil moisture exhibited pronounced fluctuations between soil depths of 0 and 10 cm in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland. The response time of soil moisture to precipitation was approximately 10.5 h, 7.5 h, and 5.5 h after rain (9:00 a.m. on 7 August 2017) in R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland, and grassland, respectively. In addition, weak fluctuations in soil moisture (between soil depths of 10 and 20 cm) were observed in the R. pseudoacacia artificial forestland; however, no fluctuations in soil moisture (soil depths ≥ 10 cm) were observed in P. tabulaeformis artificial forestland and grassland.
In moderate rainfall events (e.g., Figure 5 , precipitation of 18.2 mm), soil moisture exhibited pronounced fluctuations between soil depths of 0 and 10 cm in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland. The response time of soil moisture to precipitation was approximately 10.5 h, 7.5 h, and 5.5 h after rain (9:00 a.m. on 7 August 2017) in R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland, and grassland, respectively. In addition, weak fluctuations in soil moisture (between soil depths of 10 and 20 cm) were observed in the R. pseudoacacia artificial forestland; however, no fluctuations in soil moisture (soil depths ≥ 10 cm) were observed in P. tabulaeformis artificial forestland and grassland. 
Rainstorms
When the precipitation was greater than 50 mm (e.g., Figure 7 , precipitation of 58.6 mm), pronounced fluctuations of soil moisture between 0 and 70 cm soil depth were found in R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland. The response time of soil moisture to precipitation lagged by approximately 0.5 h, 1 h, 0.5 h, respectively, relative to with the rainfall time (10:30 a.m. on 16 July 2017) in these three vegetation communities. Additionally, weak fluctuations of soil moisture at 70-100 cm soil depth were found in R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland. Small changes in soil moisture were found between 100 and 150 cm soil depth in the three vegetation communities. 
Spatial Variation in the Characteristics of Soil Moisture
Spatial Variation and Recharge of Soil Moisture under Different Rainfall Intensities
The temporal variation in soil moisture revealed the response times of soil moisture to precipitation, which could be useful for identifying the regulation of precipitation infiltration into the soil. However, it is not easy to identify those soil depths at which precipitation infiltration occurred under different rainfall intensities. Thus, an analysis of the increment and recharge amounts of soil moisture in the different vegetation communities in response to the different rainfall intensities was performed to identify the soil depths at which precipitation infiltration occurred under the different rainfall intensities. These results can help guide vegetation recovery and reconstruction efforts. Therefore, data from the 18 effective rainfall events and the corresponding soil moisture data were selected to analyze the spatial variation and recharge amounts of soil moisture under the four rainfall intensities. The increment amounts of soil moisture under the different precipitation intensities are shown in Figure 8 .
The total precipitation of the 18 effective rainfall events was 460 mm. Soil moisture increased with precipitation. When the precipitation was between 5 and 10 mm (i.e., light rainfall), the average increment amounts of soil moisture were 3.59 mm, 6.8 mm, and 4.33 mm, in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland, respectively. The precipitation infiltrated up to approximately a 20 cm soil depth in both the R. pseudoacacia artificial forestland and P. tabulaeformis artificial forestland, and infiltration in the P. tabulaeformis artificial forestland was greater than in the other two vegetation communities. Accordingly, the soil moisture content was improved by approximately 16.74%, 15.19%, and 18.92% in the three communities relative to the pre-rain values.
When the precipitation was between 10 and 24.9 mm (i.e., moderate rainfall), the average increment amounts of soil moisture were 7.28 mm, 10.92 mm, and 13.54 mm in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland, and grassland, respectively. The precipitation infiltrated to approximately a 40 cm soil depth in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland. Correspondingly, the soil moisture content was improved by approximately 22.57%, 19.94%, and 26.58% in the three communities relative to the pre-rain values.
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When the precipitation was between 10 and 24.9 mm (i.e., moderate rainfall), the average increment amounts of soil moisture were 7.28 mm, 10.92 mm, and 13.54 mm in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland, and grassland, respectively. The precipitation infiltrated to approximately a 40 cm soil depth in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland. Correspondingly, the soil moisture content was improved by approximately 22.57%, 19.94%, and 26.58% in the three communities relative to the pre-rain values. When the precipitation was between 24.9 and 49.9 mm (i.e., heavy rainfall), the average increment amounts of soil moisture were 23.38 mm, 21.55 mm, and 31.17 mm in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland, respectively. The precipitation infiltrated to approximately a 100 cm soil depth in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland. The soil moisture content was improved by approximately 35.32%, 27.53%, and 29.39% in the three communities relative to the pre-rain values.
When the precipitation was greater than 58.6 mm (i.e., rainstorm), the average increment amounts of soil moisture were 32.70 mm, 31.43 mm, and 33.45 mm in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland, respectively. The precipitation infiltrated to approximately a 150 cm soil depth in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland. The corresponding contributions of rainfall to soil moisture recharge were 54.09%, 51.93%, and 58.79%, respectively.
Cumulative Infiltration and Rainfall
The cumulative infiltration and precipitation data were fit according to 18 rainfall events (>5.0 mm) that were recorded during observation (shown in Figure 9 ). The results revealed a positive linear correlation between cumulative infiltrations and precipitation. The response of cumulative infiltration to precipitation was significantly stronger in the grassland than in the other two vegetation types. However, there were no significant differences in the response of cumulative infiltration to precipitation between the R. pseudoacacia artificial forestland and the P. tabulaeformis artificial forestland. In general, the infiltration coefficient increased with increasing precipitation until stabilization. The infiltration coefficient stabilized at 0.72, 0.69, and 0.68 for the grassland, R. pseudoacacia artificial forestland, and P. tabulaeformis artificial forestland, respectively. When the precipitation was between 24.9 and 49.9 mm (i.e., heavy rainfall), the average increment amounts of soil moisture were 23.38 mm, 21.55 mm, and 31.17 mm in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland, respectively. The precipitation infiltrated to approximately a 100 cm soil depth in the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland. The soil moisture content was improved by approximately 35.32%, 27.53%, and 29.39% in the three communities relative to the pre-rain values.
The cumulative infiltration and precipitation data were fit according to 18 rainfall events (>5.0 mm) that were recorded during observation (shown in Figure 9 ). The results revealed a positive linear correlation between cumulative infiltrations and precipitation. The response of cumulative infiltration to precipitation was significantly stronger in the grassland than in the other two vegetation types. However, there were no significant differences in the response of cumulative infiltration to precipitation between the R. pseudoacacia artificial forestland and the P. tabulaeformis artificial forestland. In general, the infiltration coefficient increased with increasing precipitation until stabilization. The infiltration coefficient stabilized at 0.72, 0.69, and 0.68 for the grassland, R. pseudoacacia artificial forestland, and P. tabulaeformis artificial forestland, respectively. 
Relationships between Vegetation/Soil Parameters and Soil Moisture Variation
Soil and vegetation play important roles in the processes of soil water input and output. The effects of vegetation and soil parameters on soil moisture variation were analyzed to identify those parameters with the greatest contribution differences in terms of soil moisture variation for the three Figure 9 . The relationship between cumulative infiltration and precipitation.
Soil and vegetation play important roles in the processes of soil water input and output. The effects of vegetation and soil parameters on soil moisture variation were analyzed to identify those parameters with the greatest contribution differences in terms of soil moisture variation for the three communities (Table 4 ). The results in Table 4 show that soil organic matter content, soil structure, stand structure and fine roots had effects on soil moisture variation in R. pseudoacacia and P. tabulaeformis forestland. Soil organic matter content and canopy density had the largest contributions to soil moisture variation in R. pseudoacacia and P. tabulaeformis forestland, whereas herb coverage and fine root biomass had the largest contributions to soil moisture variation under grassland. 
Discussion
Responses of Soil Moisture to Different Rainfall Intensities
In general, there is a positive relationship between variation in soil moisture and precipitation [33] [34] [35] [36] . In the present study, the response of soil moisture to precipitation was more pronounced at higher levels of precipitation (Figure 3 ). The temporal and spatial variation of soil moisture reflected the structures of the underlying layers. The distribution pattern of dominant vegetation affected by the moisture storage in the surface soil layers directly and indirectly affected the vegetation survival and rate of succession by changing the nutrients and energy in the upper soil [37] . Castellano reported that the eco-hydrological processes of vegetation interception and litter interception have great effects on the temporal dynamics of soil water [36] . The ability to intercept precipitation differs significantly among vegetation types because of differences in stand composition and structure. In this study, the vegetation types and vegetation coverage were significant different among the three communities (Table 2) . Canopy interception was proportional to LAI and crown length. The value of LAI in the R. pseudoacacia artificial forest was higher (2.04) than that in the P. tabulaeformis artificial forest (1.69). Additionally, herb coverage varied among the R. pseudoacacia artificial forestland, the P. tabulaeformis artificial forestland and grassland. The herb coverage of grassland (70%) was higher than that of R. pseudoacacia artificial forest (55%) and that of P. tabulaeformis artificial forest (10%). These data explain why the response of soil moisture to precipitation was more pronounced at higher levels of precipitation.
The results of this study revealed the regulation of soil moisture under different rainfall intensities (i.e., light rainfall, moderate rainfall, heavy rainfall, and rainstorm). The response time of soil moisture to precipitation decreased with increasing rainfall intensity, and the increases in soil moisture were larger and longer lasting (Figures 4-7) . Some studies have reported that the loss of precipitation by interception may reach 40% [38, 39] , and the loss of precipitation by interception under R. pseudoacacia may represent 11.56% of the total precipitation [40] . The loss of precipitation by interception under P. tabulaeformis may represent 29.61% of the total precipitation simulated by the Gash model [41] , and the loss of precipitation by interception by A. ordosica may represent 26.8% of the total precipitation [42] . Previous studies have reported that precipitation events greater than 2.0 mm can induce physiological reactions of vegetation [43, 44] . The variation in seasonal soil moisture is the result of the coupling of precipitation and seasonal precipitation in a study area with the local topography and vegetation types [45] .
Replenishment of Soil Moisture under Different Rainfall Intensities
Precipitation is the main source of soil moisture recharge in the gully region of the Loess Plateau, because the underground water is deep [46] . Recharging the deeper-layer soil moisture is difficult, because of the variation in hydraulic conductivity [28] . Some studies have shown that precipitation of less than 10 mm cannot replenish the soil water and merely causes minor fluctuations in topsoil moisture [19, 33, 43, 47] . This study showed that continuous rainfall or heavy rain is essential for achieving the recharge of soil moisture in the deeper soil layers (see Figures 6-8) . These conditions, i.e., heavy rain or continuous rainfall, can induce large fluctuations in soil moisture in the deeper soil layers [44] . In the present study, the increment amount of soil moisture was between 16.74% and 54.9% in R. pseudoacacia artificial forestland when rainfall was less than 40 mm. Additionally, the infiltration depth of precipitation reached approximately 100 cm only under precipitation event with greater than 50 mm rainfall. At this level of precipitation, the soil moisture was recharged in the 150-cm soil layer. However, in the P. tabulaeformis artificial forestland, when the rainfall events yielded greater than 40 mm precipitation, the infiltration depths of precipitation reached 150 cm, and the contribution rate of rainfall to soil moisture recharge varied between 15.19% and 51.93%. When the precipitation was greater than 30 mm, soil moisture in grassland was replenished to 150 cm soil depth, and the contribution rate of rainfall to soil moisture recharge varied from 18.92% to 58.79%. These results, when considered along with plant water use strategies, could be very useful for guiding vegetation configurations in vegetation recovery and reconstruction efforts. It has been reported that the plant water use strategy of R. pseudoacacia during the rainfall season involves preferential use of the shallow soil layer (0-40 cm, 54.3%), which is supplied with sufficient water during the frequent rainfall events to maintain plant growth and activity. Later in the rainfall season, the plant's water source shifts to deeper soil layers (60-100 cm, 19.2% and 30.9%) to obtain a stable water supply as rainfall events become less frequent. In the rainfall season, P. tabulaeformis mainly absorbs shallow (0-40 cm, 46.8% and 37.7%) and deep (60-100 cm, 24.9% and 27.6%) soil water through frequent events and less frequent events, respectively [48] . Therefore, as soil moisture is affected by rainfall distribution and root distribution, the stands densities of R. pseudoacacia artificial and P. tabulaeformis need to be controlled to avoid stand degradation.
The precipitation-vegetation-soil relationship is complex. The following three aspects should be evaluated in terms of their effects on soil moisture, including its source, infiltration, and loss. First, consider precipitation and recharge. Precipitation is the main source of soil moisture recharge in the gully region of the Loess Plateau. More precipitation increases the opportunity to recharge soil in different vegetation communities. There is a positive relationship between soil moisture and precipitation, as validated by the results of the present study (Figures 3-9) .
Second, consider vegetation. Vegetation types and vegetation coverage were the main factors affecting the temporal dynamics of soil moisture and can affect soil moisture infiltration. Due to the eco-hydrological processes of light interception by vegetation and litter and evaporation, shade can reduce soil temperature and effectively inhibit soil temperature fluctuations. Thus, vegetation types and vegetation coverage influence the chance that rainfall is transformed into soil water and will affect soil water infiltration. After precipitation interception by the vegetation canopy and litter, precipitation is transformed to soil moisture in the rhizosphere region [26] , where the fine root and coarse root distributions may affect the process of soil moisture infiltration [49] [50] [51] . The root distributions were significantly different among the R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland (Figure 1) . Roots increase the soil porosity and improve the soil texture, which allows rainwater to penetrate into the deeper layers (>60 cm) in these three communities. The results of this study corroborate previous work showing that soil moisture replenishment is significantly reduced by precipitation interception by vegetation canopies and evaporation into the atmosphere [28] .
Third, consider the soil. The soil moisture recharge amount was affected by the soil moisture content before rainfall, the soil physical properties, the precipitation amount, the rainfall intensity, the rainfall time, and the vegetation types [52, 53] . The properties of soil pores determine the soil water infiltration rate and the amount of rainfall that transfers into soil moisture when the rainfall is effective (i.e., when the soil moisture is markedly changed). In this study, the soil physical properties and SOMC were significantly different among the three communities, and the clay and silt contents and SOMC in the R. pseudoacacia artificial forestland and grassland were significantly higher than those in the P. tabulaeformis artificial forestland (Table 1) . It was previously reported that porosity has significant effects on hydraulic conductivity and soil moisture content and that the temporal stability of soil moisture varies because of the role of hydraulic conductivity [5, 23, 53, 54] . Another possible reason for the lower clay and silt contents and SOMC in the grassland [55] [56] [57] [58] . Soil evaporation is a physical process in which soil water is lost directly, although it can be negligible during rain events. During rainfall, soil pores are filled by precipitation, soil moisture is replenished, and soil evaporation is extremely weak (minor rainfall events) or temporarily suspended (heavy rainfall events). When rainfall stops, the soil evaporation process starts again.
This study analyzed the temporal and spatial variations in soil moisture in three vegetation communities (R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland) and identified the contribution rate of soil moisture recharge under different rainfall intensities. These research results can help guide vegetation configuration in vegetation recovery and reconstruction efforts. However, there are two endeavors that need to be performed. One is the collection of soil moisture observations in deeper soil layers, which could provide further insight into the temporal and spatial variations in soil moisture under different rainfall intensities. The second is a soil moisture study of different vegetation communities during different recovery phases, which could provide a theoretical basis for exploring vegetation recovery and climate.
Conclusions
In this study, soil moisture was continuously measured at 30-min intervals in three communities (R. pseudoacacia artificial forestland, P. tabulaeformis artificial forestland and grassland) to compare the responses of soil moisture among different rainfall intensities and to quantify the rates of contribution to soil moisture recharge under different rainfall intensities in the gully region of the Loess Plateau of China. The temporal and spatial variation of soil moisture were significantly influenced by the amount and intensity of precipitation, as well as by the aboveground structure of the land-use system. Regarding the contribution rate of precipitation to soil moisture recharge, rainfall amounts greater than 50 mm achieved soil moisture replenishment in the deeper layer (150 cm) in R. pseudoacacia artificial forestland; amounts greater than 40 mm achieved soil moisture replenishment in the deeper layer (150 cm) in P. tabulaeformis artificial forestland. Rainfall greater than 30 mm replenished soil moisture in the deeper layer (150 cm) in grassland. 
